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INTRODUCTION 

This is a report ©a Ph&sss Q of Che Pr©8srar$~H$lghJ. Prediction 

Project.   It describes the research conducted at Bureau of Aeron&ufcieg: 

Project ABOWA under the sponsorship of the Armed Porc«?« Special 

Weapons Froject on Phase IS of £his project, 

Th® report la divided into three volumes.   Volume I contains a 

brief summary of the problem and k-ee®%?ch accomplished to daie, a 

discussion of Home immediately operational procedure*, an outline of 

*he meteorological topics in Volume IS* and of future pl&rmed research. 

Volume S3 is designed primarily for me>t«G>rol©igi®te«   It contain® 

a more complete and technical discussion of prediction parameters and 

techniques.   An attempt ia mad» to objectively describe the flow patterns 

at §00 s?.b using both historical and newly devised models.   The synoptic 

significance of. long; wa%"«B«e blocking, geos trophic wind profiles and their 

relation to the proposed operational procedures ars outlined, 

Volume III is operational in nature and includes examples of £he 

application of the meteorological parameters to the forecast problem, 
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I, SUMMARY 
-^- - V- • • *>w •'. f.,. i 

Phase II of the Pressure-Height Prediction Project is aimed at 

pt«v4ding tedhasiipes for ftslfilMng Hie meteorological reqaireiiaftn&e of 

Srero-fusiiig systems* including the prediction of lypic&l &fcnfio$ph&ric 

^structures prevailing at designated areas, She production of a graph of 

predicted pressure altitude versus actual altitude shove mean m%& level 

tor designated areas* ass estimate of the accuracy of meteorological pre- 

dictions with regard k> the «»Stma*^a standard deviation of preseure- 

aitifeads prediction $m a function of geographical location and time of 

year* s&d the magnitude of errors involved in the selection of pressure 

altitudes directly ivom. graphs representative of numbered atmospheres. 

Techniques for predicting pressure altitude at given gjeomefric 

heists have beem developed for varloiaa conditions of m«teoi*olegiK&i 

dmta availability ejod operational procedures,   the fclsre® basic conditions 

&i meteorological »3&l& availability considered include: 

(a) Complete date, availability.   (This condition is considered pre- 
sent in peae*s mt<d under wartime conditions if free international 
exchange of meteorological observations were maintained). 

<b) No data availability-   {This condition would be encountered by a 
forecast group having no analysed meteorological d&fcaK 

<c) Partial data availability.   (This condition assumes data eoY^rikge 
over a portion of the hemisphere and absence of d&ta ovar the 
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remainder.   It will b« encountered primarily when a prediction 
I is required for an area from which no meteorological data is 

received) , 

i 

! 

•i 

i      I 

Under data condition (b) above* a prediction must be based upon 

elima£olog£ea£ly probable values.   To provide climatologies! values for 

all jHsin&si in the northern hemisphere* & complete s?s? c,f normal pressure* 
I 

altitude charts tor the hemisphere for each month at thousand-foot levels 

I from the aorface to 1C»0CG feel was eons true ted..   These charts are eon- 
i 
I 

tained and their u®« fully explain^ in Enclosure 1 to the Second Progress 

Report osi Phase II of this tasa.   They have bean further distributed m 

NAVABB SO-lC-SOa entitled ''Normal Pressure-Altitude Charts for the 
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Under data condition (a) above, the meteorologist will jsrspare 
I 1 

his prognostic charts for various pressure levels by standardized tech- 

niques in daily use.   Pressure-height eosnpwt&tlons are then made to 

predict the pressure altitude at the appropriate geometric heigh*.   The. 
i 

•• 

tschaiqus which was particularly designed to facilitate this type of com- 

pealatlosi is ftiUy described in Appendix A to the First Progress Beport 

on Phase XI of this project, entitled "Use of the PASTAGBAM in Pres« 

sure-Height Computations".   This has beea further distributed as 

NAYAJSB 80-1P-501 with the saras title.   JA provides a means for ob- 

taining accurate values of pressure altitude ueder Shis condition of data 

a 
i 
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Northern Hemisphere".   These provide a means for obtaining the most 

probable values of pressure altitude under conditions when meteoro- 

availability £»:- 3otal absence of meteorological data is experienced.   2fe 

Is on mis eoasSifeion that *&« greatest research effort has been applied. 

For targets !m& than SO© miles within a "blind area" (devoid 

of meteorological data), extension of procedures employed under con- 

dition (a) {complete meteorological data available! are utilised.   For 

targets more than SCO mile® within a blind area, special technique* 

are required.   These techniques provide a series of refinements to the 

climatologies! prediction of pressure altitude.   They are based on 

prediction of atmospheric circulation features involving larger areas 

and longer time intervals than employed In conventional forecasts*,. 

When the area without data is large, the forecast must depend upon 

large »£&!«„ slowly moving features of the circulation.   These are the 

features which produce large sm& persistent anomalies An pressure** 

altlfeude values.   Hence the prediction scheme® based on them are 

most successful when the departures from climatological values are 

m* 
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logical d&tm is completely l&oidng.   They also provide a consistency 

check on forecasts prepared with complete or partial data availability, 
I 

Under data condition (a) above- the complete range from norm.su 
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Figure i shows the general prediction scheme under data con- 
j 

dition (c) where the forecast la to be made for a blind area.   BeteJia 

of this procedure are contained its the main body of tins report. 
i 

ID addition fee the prediction techniques which may be applied at 

a meteorological forecasting center, methods for obtaining pressure- 

altitude valueiLlevels from navigational parameters* or simple meteoro~ 

logical observations, available in the delivery aircraft under differing 

operational procedures are discussed.   In particular, methods are 

described whereby pressure-altitude values may be obtained by person- 

rial in delivery aircraft which? (a), approach at low level and then climb 

to a high level from over a surface of known height, and, <b)f which 

approach at high level and can determine both their true and pressure 

altitudes at flight level at some.point during the flight, even though far 

removed from the target.   The decaiis of these procedures and results 

of operational testa are contained in Volume I - Chapter QS of shie* 

report. 

Ths prediction of appropriate numbered atmospheres, *xfcra- 

polative procedures involved in prediction techniques developed in. the 

main body of the r&portj m& the errors in terms of tine estimated 

standard deviation of pressure-altitude prediction as a function of 

geographic location and time of year are discussed* 
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All available historic*! ^&ta at 500 millibars (pressure altitude 

of 18,280 feet) were processed A'ifch Che aid of punched card machines. 

A climatology of heights at S3© millibars was obt&ined.   Tabulation® 

of the frequency distributions of heights and 24-hour height changes 

were prepared    The seasonal and geographic wciafcios in fee heig&i of 

this surface is shown in Figure 2.   Figure 3 illustrates the range of 

actual heights at this pressure level in April,   Samples of the .frequency 

distributions of «h» heights, illustrating the geographic variation in fee 

shapes of the distributions, for January are shown in Figures 4. 

Figure 5 illustrates fee values of forecast error at 5,000 feet   . 

over a portion of fee hemisphere during April*   The isoplefes of fore- 

cast error represent the value® which will not be exceeded 68% of the 

f&me,   These values shown mr April are intermediate between, the 

larger January values and fee smaller errors in July.   They approximate 

?m, annual average. 

The major portion of the research effort applied to Phase IX of 

the Pressure-Height Prediction Project was directed at providing an 

objective system for forecasting pressure height at the 500-milUbar 

level (S®,380 feet), and extrapolating downward, or upward, through 

the ataoaphere to any desired level. 

In effect, the procedures developed yield a prediction at fch« 

500-KiiHibar level and respire SM extrapolation based open fee slope 
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Figure <2). Seasonal and Geographic Variation of 500-mb Heights 
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j Figure <3K Eange of Actual Heights at 530 mb (&p • 18, 280 feet) in April 
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Figure (4). Frequency Distributions of 500-mb heights 18-35. January 1948-1851 
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Ssopteths of forecast error 4& hundreds of fee* 
amallar than imluae shown A';iuai 

of errors sir* 
EsiAmated 

1 figure (Bh Forecast Error at 5,000 Feet in April 
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of & line ghrough that level on a thermodynamic digram,   A set of 
• 

charts for IMs extrapolation under normal conditions is contained 

in Volume I » Chapter IV. 

A simultaneous prediction of the pressure height of the SO0- 
i 

millibar surface and at sea level with intermediate values obtained 

through interpolation will provide considerably more accurate values 

of pressure height for she lower levels of the atmosphere. Work was 

initialed to develop a procedure for accomplishing this. At the same 

time additional research was undertaken to increase the accuracy of 

SOO-millibar prediction, and to investigate the role of vorticity In the 

development of circulation features at &his level. 

The Armed Forces Special Weapons Project im supporting 

this continued research at Project AROWA, and under contract 

through AROWA at the Aerophysics Research Foundation. 

f 
I 
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a, DISCUSSION 

Because of ihe apparent Increase in height of the level tor 

which forecasts may he desired* and the availability of reliable data 

on which to base the development of an effective prediction technique, 

the 500«mb pressure envelope was selected as the level at which j 
! 

techniques for a basic prediction would be made.   Further techniques 
\ 

would then be applied to compute the pressure height at any prescribed 

I altitude., 
I 

The basic data utilized in this development has been provided 

by the analysed series of SOG-znb charts contained in the Northern 

Hemisphere Historical Weather Maps, and the Daily Series, Synoptic 
i 

Weather Maps, published by the U. S, Air Force and She U. S. Weather 

Bureau, respectively. 
i 

Attention has been concentrated on those patterns which are 
I 

either readily recognisable, or represent extreme values of height 

or 24-hour height change in &e areas of interest.   Forecasts for the 

remainder of cases not included in the system must then be based on 
| 

the best available climatologies! figures. 
i 

|      .j 
The variability of pressure, or pressure altitude, is a function 

I     i 
of season, latitude, nmd synoptic situation.   The relative importance of 

i        i 

different levels in producing pressure changes varies geographically. 

[""-"•1 
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It a knowledge of the permissible error were available, it would be 

possible to outline the geographic limits where* pure climatology would 

provide &««®^&£fe£e answers.   In the absence of such knowledge it has 

been feasible only to present charts delineating the error, or variability 

for arbitrarily selected ranges of pressure altitude. 

The accuracy of any prediction scheme is a function of the diffi- 

culty of the prediction.   This, in turn, is a function of bom the pressure 

variability and the quantity of data available. 

Early in the sfcudj* attempts were made to develop an empirical 

objective scheme for relating pressure altitudes at fixed geographic 

points wiSh synoptic patterns.   These showed the need for a sound phys- 

ical synoptic approach and the application of synoptic models rather 

than straight empiricism. 

The forecast procedures are functions of the season, the pres- 

sure altitude required, geographic location, the availability of data, and 

synoptic conditions.   With the development of an adequate climatologies! 

system to provide answers for the central range of values, the impor- 

tance of recognising situations resulting in large anomalous values be- 

comes paramount.   In the absence, or partial absence of data, the ex- 

tension of patterns in space or time is required,   Fortunately the large 

seals features of the atmospheric circulation* which produce the major 

anomalies, are seen most clearly when a smoothing technique in space 

CONFIDENTIAL 
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a wave motion.   The characteristics and motions of these waves in the 

westerlies have been intensively studied in recent meteorological his- 

tory.   During relatively long periods of time the progression of the 

wave pattern is blocked hy persistent high pressure areas in the upper 

atmosphere,   These brooking patterns are responsible for large anom» 

alles In pressure "height over specific geographic areas,   Recognition 

of a blocking pattern is essential to the success of any pressure-height 

prediction scheme. 

Though long waves and blocking are treated separately in Vol- 

ume £X, their studies are intimately related,   A portion of the research 

CONFIDENTIAL 

or time ia employed,   Tims the techniques which have already been ex- 
i 

tensively investigated by research and operational groups involved in 

long-range forecasting are the ones most applicable to this problem. 
! 

Earlier progress reports on this task stressed the importance 
1* 

of blocking patterns in the 5GQ~mb circulation, as have most studies of 
1 

longnrange forecasting.   Theoretical models of the atmospheric circu- 

laiion contain a belt of westerly winds in middle latitudes undergoing 

on this task has been devoted to investigations of procedures for objec- 

tively locating and describing the long waves.   A review of long wave 

analysis, a description of time averaged charts,, the results of research 

utilising space averaged charts, an analysis of blocking and asonal wind 

studies are fully discussed isa Volume XL | 
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m- m g^QHT COMPUTATIONS 

A. Vertical Ascent 

The value of the pressure altitude or true altitude at desired 

levels in the atmosphere may be computed by personnel within an sur~ 

craft it the values of both aciu&l and pressure altitudes at any level ©rs 

measured and knowledge of the vertical atmospheric temperature distri- 

bution is available,   The procedure: employed is illustrated by JSs&mples 

I and 3 of MATA2BR 50-1CF-5Q1, "Use of &m Pastagram in Prea*ur<s- 

heighf Compilations'* a   The special case wherein the tempera tare diiP~ 

fcrihutiast is obtained by direct measurement from the aircraft is demon- 

strated below. 

(I) Obtain s value for the geometric height at the base of the ascent. 

This may foe accomplished by a radio altimeter if over a locution 
whose height is known, such as open sea, inland lake, plateau or 
other Hat terrain of known height. 

$2> Obtain a simultaneous value lor the pressure altitude at this point 
from the pressure altimeter. 

The altimeter setting should be adjusted to 28. 92 and the pressure 
altitude read directly, 

(3) Subtract the value of the pressure altitude (Zp) from the geometric 
height (25) to obtain a value of the "altimeter correction" (D) by 
the equation: 

D - Z - Zp 

ONFXDENTIAL 
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<4| £i frequent taiervsjis daring ascent (every one thousand feet of 
pressure slfc&twde) record values of pressure altitude and. of fees 
air temperature (thermometer reading corrected for true air 

{5} Plot these valuta on a Fast&gr&sa for **&eh level frossn the base t© 
the top of She aisc©r*t„ 

(ft} Count the number of 10~foot areas contained on the Pastagram 
between ^e plotted sounding and She standard afcso&osphtsre line 

Appier the equation: 

fit * *§p • B 
to obtain Hie geometric height at Ehe pressure height sseareisi the 
desired level, 

(0) Apply $h® seme equation to obtain the geometric heigni at the next 
higher, or lower* measured pressure altihsde to bracket the de» 
jslred geometric height*   "(Kamember to add or subtract as appro- 
priate to the value of D the number of 10-loot areas* included in 
this thickness of the afemospfcsrc between fee level of S^®p 8 and 
this new level, 

U0> Find by Interpolation She pressure aliifcsdp at the desired geomet- 
ric height from the values of geometric height (&) and pressure 
altitude (3£p) sh&ained in Steps* 8 and 8. 

When the geometric height can be measured directly with a radar 

altimeter over a water or other flat eurf&ce, the pressure altitude may 

be'obtained directly irom a pressure altimeter set of 20, 92.   To obtain 

CONFIDENTIAL 

£rcm She base of the ascent lo the dogiired level. Areas to the | 
|                              right of me standard steosphera line are counted as positive. 

Those to the left are negative. | 
[ j 
I (7) Add algebraically the number of 10 - fool areas obtained in Step 6 f 
| to the value of the altimeter correction &i the base of IW- assent 

obtained in Step S.   This will yield the value of the altimeter cor- 1 
I reefetem (01 ».& the desired level. 
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a graph o* true altitude vs. pressure altitude under these conditions it 

is necessary only to record the re&dLags of radar and press-are altimeters 

respectively during the asscent, 

Through fch® cooperation of a Heavy Attack Training Unit, oper- 

ational teats of the procedure were conducted.   It w&g found that the 

preseure altimeters and thermometers in all aircraft involved had to 

he calibrated.   Once this was accomplished the results attained indicated 

the feasibility of utilising this technique in. operational type aircraft oa 

a routine besis.   Figure (•) illustrates an example of the form of Faata- 

gram used for these tests with & plotted soundings,   The data on this 

flight were obtained on 18 October 18S3 at 0S4G in She vicinity of Cape 

Batteraa N* C.   At the 8» 900 foot level* She height was computed and 

compared with the two radar altimeters installed is* the aircraft,   The 

results were: 

Indicated pressure altitude 
Pastagram &&M^s1$l«§ 
(33 squares, each worth *10 feet) 
<&Mk&&®km altitude 
Radar altimeter # 1 
Radar altimeter #2 

9,C0(S feet 
+ 330 feet 

8,338 feet 
8, SiO feet 
8, 330 feet 

s®§M*i^3*si or 22 soundings obtained from these alrcr&st with 

radiosonde observations showed that differences at the 10,000 foot level 

ranged from "120 to *80 feet while the absolute value of the average 

difference at this level was 32 feet. 
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Figure 6.    Paatagr&m With Plotted Sounding Used for In-Flight Computation, 
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B« Bortsotttsl FH$ht 

The geometric height of mi aircraft which has £owc across a 

coast Use or over i«md of known height may he computed fyora navi- 

gat&snal wind data.   Sine* ife in often quite «E£€cult to dsterm&ie accurately 

the height of & particular isund r&ari'&c® beneath an aircraft,, a compiitaUon 

of the airorsiffc height from navigational parameters will often be required. 

Tbd suooessfui computation retires a knowledge of the geometric and 

pressure sltttades o-f the aircraft at eonie previous Hm«, the stefe wind 

drift atesse thai time and the preesure altitude of the plane m $1% de« 

sired point* 

XJfcHising braffc pressure and radar altimeters while over is>afcer» 

or £errei& of S^jsovr^ hais£ife, » computation of me difference CD) between 

&a«#e is m*isks fey ffee equation D * 8 - 58p, wfesre H • true altitude and 

&p * pr<8aMsw8 altitude,   Direct wind ob&erva.fe?£g at me flight level of 

fee- aircraft *re made* usually fey checking the navigation?   The change 

in the value of D at the flight level, which is at a constant pressure 

surface if flight is maintained at a constant reading of the pressure 

altimeter* between the observation point and &ny &®air%& paint to which 

She plane travels is computed from the equation for &he geostrophic wind. 
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Here* Vn is the component of the wind in knots normal bo She line joining 

the two points I 

• is she latitude of the mid point of this line 
j 

9 D     Is the v&lue of the change *r« D in feet at flight level 5 
t 

8 n     is the distance irs nautical miles between the two points. 
.< 
I 

Since the value of She change of D is required, the equation i» 

rearranged and written in terms of finite differences.   It th«r* has the 
n 

form 

Here the meanings and unite are the same as a'hove? except that the 

symbol 9   has been replaced lay 4»   The latter equation is solved for 

A D*   Thie change in D is added algebraically t© the earlier observed 

valus of D to obtain the value of D at the desired point.   TMi? value is 

independent of forecast error© and of any constant instrumental errors 

of the pressure altimeter. 

The geometric height {&) of the aireral? is then obtained by 

adding the value of D to the pressure aisitude CSpl given by the altimeter, 

» » atp + D 

A calculation of the pressure height or true height al any point 

below the aircraft may then be made by us* #1 Sh« Faatagram, If a 

prediction or measurement of 8vs atmospheric structure is available. 
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In the absence of an Observation, either the prediction of the atmospheric 

structure (expressed as a sounding or the atmospheric number provided 

by the forecaster) or downward extrapolation by the coefficients of Fig- 

ures (?) through (30) of Chapter IV may be utilized to obtain She pres- 

sure altitude at a lower geometric height. 

The example below illustrates the computation at flight level: 

A place flying at 4,000 fee* by the pressure altimeter crosses 

a coast line toward land.   The radar altimeter indicates the true height 

of the aircraft to be 4,4tf0 feet.   The flight path carries the plane 1,200 

miles inland.   Wind drift checks reveal the average cross wind along 

the flight line to be 40 knots from left to right,   lite latitude of the 

mid point of the flight path is 48* N.   The geometric height above sea 

level is computed as follows: 

U)D at coast is 4,490 feet ~4,u00 feet « +480 feet 

m AD* ?»•*»**** 

A «    -40 x . 743 x 1200 _    ,  Rft„ -_. 
21.4t 

(Since the wind was from the left, he is flying toward lower heights. 

Hence the A D is negative) 

The D at terminal point is +400 - 1,867 » -X, 177 feet, and the 

geometric height above sea level is found by: 

i»SP4D K * 4,000 - 1, 177 * 2B823 feet 
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IV, VERTICAL EXTRAPOLATION 

'.•,!•:.     '••''••'/^v'.' • ;'•-'-.--'. 

The end product of a complete pressure-height prediction is a 

graph of pressure altitude versus true height through the range of heights 

desired.   To attain this result a complete prediction of the atmospheric 

structure is required.   Under many of the operational conditions visu- 

alized, such a complete prediction is highly improbable.   Reasonable 

approximations, however, may be made by several alternative methods. 

A few which are immediately applicable are outlined below. 

If a prediction of the height of a constant pressure surface ire 

made and a knowledge of the temperature distribution is available, ap- 

propriate tables or the Pastagram may be used to compute pressure 

altitudes at all desired heights.   Under anticipated operational routine, 

a forecast of the height of the 500»mb surface will be made, as well as 

a prediction of an atmospheric number corresponding to the appropriate 

lapse condition.   This provides an approximation of the needed param- 

eters for construction of the desired graph of pressure altitude against 

true altitude. 

Sets of tables were* constructed for each of the numberavatofos- 

phwres In use.   With these tables and a prediction of the 500*mb height, 
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the meteorologist could compute pressure at any desired height.   Unfor- 

tunately the numbered atmospheres were replaced with a new set, thereby 

making the tables obsolete.   The new numbered atmospheres have been 

requested, but have not been received at Project AROWA.   New tables 

will be computed for these atmospheric structures for inclusion in a 

future report. 

In She absence of a knowledge of the atmospheric structure, a 

reasonable approximation of the pressure altitude at any height may be 

obtained by vertical extrapolation, either up or down* from any pressure 

envelope whose height is known or predicted. 

The twenty-four charts on the following pages provide the coef- 

ficients for this extrapolation.   They represent the normal rate of 

change of "D" for each thousand feet within each of two layers of the 

atmosphere.   There are two charts for each calendar month.   The first 

provides the normal rate of change of "D" between TOO mb and 800 mb, 
T< ,1 

while the second shows the normal rat© of change of "D" between ihe 

surface and 700 mb* 

To use these charts, a forecast of the 500 -sabheight is obtained. 

This is then expressed in terms of D at S00 mb.   The first chart for the 

appropriate mo?ifch is entered at the proper location and the coefficient 

for vertical extrapolation to 700 mb obtained.   If the desired prediction 

level is between TOO and 500 mh$ the MD" at the appropriate!*9computed 
A 
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directly,   li the desired level is below 700 mb, the "DP* at 700 mb is 

computed feoss the first chart and the 500 mb prediction.   Then the 

second chart is entered to obtain the coefficient for extrapolation to the 

desired level.   This is illustrated by the example at the end of this 

chapter. 

The procedure outlined here is in effect a "slope-intercept" 

solution to a graphical problem.   The intercept of the height at the SOO-mb 

level is- given by the forecast utilising? the parameters discussed in voi» 

urnes 2 and 3; the slopes for extrapolation are given in the 24-charts 

included in this chapter. 

It is evident that a closer approximation may be obtained by 

using direct interpolation between two points fixed on a line than by 

this slope-intercept solution.   For this reason, the future work, de- 

scribed in Volume 2 is aimed at providing procedures for obtaining 

simultaneous prediction of height, and thus "D" at both the 5 00 mb and 

surface levels. 

Example of Vertical Extrapolation 

Problem; Predict the pressure altitude at 6,000 feet over Gibraltar on 
" July 15,   Assume the 505)-mb height is predicted to be 19, 500 feet. 

(1) Convert this to "D": 

D * S - 

D M 19,500 - 18,280 • 1,220 feet 
j i 
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(2) Obtain (he normal rate of change of D between §00 mfo ar»d 
TOO mh: 

Tide is the inverse of the isf&f&s* extrapolation figure given 
for 700 mb to S00 mb ors the chart   Thus it *s read as -85 
feet per thousand. 

(3) Multiply this coefficient by the number of thousand feet 
(pressure altitude) of downward extrapolation to 700 mb: 

13,280 feet - 9, 880 feet • 8. 4 thousands of feet 

8.4 x (-86) • -548 

Add this algebraically to the "D" at 500 mb obtained in 
Step 2, 

1, 220 - 546 "674 feet 
9 

Thus the 8ED" at 700 mb is +674 feet, and the 700 mb 
surface is at 10* SS4 feet. 

(5) Find the distance required for extrapolating from this level 
to the desired level «§„ 000 feet) 

10,554 - 8,000 « 4,554 feet 

<6> From the second July chart obtain the coefficient for 
extrapolating from 700 mb downward; 

This 'ei.ll be the inverse of tapward extrapolation figure 
given on the chart, and is seen to be .-41 feet per thousand. 

(7) Multiply the coefficient by the distance in thousands of feet, 

-41 xi5« -184. 5 feet 

(8) Add this algebraically 
"D,! at 6,000 feet. 

to the "DM at 700 mb to obtain the 

674 - 184 * 480 feet 
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(8) From the equation $p * 2 « D find the pressure altitude 
at 8,000 feet: 

• 5,510 feet 

Answer:  The pressure altitude at 6,000 feet over Gibraltar on July l§th 
whan the &©0-mb height is predicted to be 19, 800 feet is com- 
puted to be 8, 510 feet. 

This problem was worked on the 15th of a month, since the charts 

are directly applicable on that date.   For all other dates, linear inter- 

polation of the coefficients for the desired points between the 15th of the 

nearest pre ceding end following chart may be made. 
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Figure (7). Upward ISxtrapolaitoii GoefJicisn?; ?00 ssb to 500 mb, January 
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Figure (S)„ Upward Extrapolation Coefficient 700 mb to 500 mb, February 
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COHFIDENTIA.L 



•.'•- 

CONFIDENTIAL 
* 91 

-^m1,. irjl,"y',',"fTT""y " ''-f",""^s; UMBIMM :«• -r *-v-»f> j- ,-.T MAM ifcw IIIMDII illiTIHMill 

Figure (10). Upward Extrapolation Coefficient ?00 mb to b30 tab, April 
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Figure Ul). Upward Exftrftpolatton Coe££leient 70u t&b to &CS mb, May 

I 
CONFIDENTIAL >. 

/_ .jjg»Hr» *;**WlT—<"**«-' —<••>*»»     '-'^•h»l*^"Wl 



. 

C0NFXDSHT1A1* 

- 83 - 

—-***fi'i,,» i *->••**»• ••>•»i>—*j8i.'-<u%w>ft>»?lft   imiiiii Jp—   •    i-i-igT in  

N9RHA?. KATt 0* €HA«#8 W *&' 

\   mn  £*8tt NW  riKT  ®STW£I» I' 

rm uu. AS© &&o m. 
mm 

-zz±^zA=zdk±23T: UL. ^^ 
f" 

.N /\ 

,<£+ 
*»>, fc»F *«ms»i!«* ^-*e*w 

._..-"-. .-——U. —        IB?I 

Figure (12), t?pwart£ Extrapolation Coefficient ?00 mb to 590 nub* to® 
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Figure (IS). Upward Extrapolation Coefficient 7m mb to 500 mb, September 
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Flfure (17). Upward Esfcrapol&fcion ©WRf&ctettfc ?0$ sab to 800 mb, November 
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Figur« (18), Coward JBxir«polation Coefficient 700 sab to 500 mb, DvenmSmr 
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Figure {My VpW»&& WxtsrmpoWAtm Coefflci#afc Surfac® to ^oo mb, August 
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V. ERBOB ANALYSES AND CLIMATIC STUDIES 

In any meteorological forecasting problem the meteorologist is 

materially aided if he has available a knowledge of the errors resulting 

from various prediction schemes*   A sound knowledge of the frequency 

distributions of the parameters he is to forecast is often fundamental. 

This is usually obtained from climatic studies' of various types, 

A. Error Analyses 

Subsequent to the analysis of WBAN analysis center prognostic 

errors reported fully In the Final Report on Phase I of the Pressure- 

Height Prediction Project by AROWA* the Meteorological Division of 

the Aerophysics Research Foundation, under contract to Project ABOWA, 

conducted a further Investigation of errors attained in various prediction 

procedures.   Comparisons were made of the forecast accuracies of:  a 

skilled forecaster, sonal theoretical, forecasts and linear aortal extrapo~ 

l&iiona.   It was determined that forecasts prepared by a skilled fore- 

caster experienced in long-range hemispheric forecasting will predict 

the height of a constant pressure surface with greater accuracy than will 

a forecast prepared by use of a persistence technique or ol the one di» 

mensionai numerical forecast scheme.   Additionally, tests indicated 

that an experienced forecaster was considerably more accurate than 
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estimates derived from linear *©nal extrapolation of isallophyptic 

centers. 

These investigations substantiated the conclusions reached 

Independently at ABGWA that the techniques employed by forecasters 

experienced with long-range forecasting technique* provided the moat 

successful forecasts yet developed.   Concentration ot attention on these 

techniques and their formalisation into a useable prediction scheme was 

indicated. 

1 B. Climatic Studies 
   T-    - Wtm I '••'• •  i   mi ii   mi |   mm      ii  mi   IIIIB 

As indicated by the schematic diagram of Figure 1 in Chapter I, 

a knowledge of the climatology of the parameters to be predicted is 

basic to any successful prediction procedure.   The required climatic 

information may assume many forms other than the commonly encoun- 

tered sets of statistics found in climatological summaries. 

In these investigations the 500-mb surface has been considered 

as a level of primary interest because of its physical characteristics 

relating to the pressure-height parameters required.   A climatology 

of the oOO-mb surface had never been prepared, largely because suf- 

*«?&>' 
- 

. • • 

ficient data had never before been assembled in useable form.   With 

the aid of the machine tabulation equipment at the National Weather 

Records Center at Asheville* N. C., a climatology of the 500-mb surface 
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sra® developed.   This assumed Hie form of numerous tabulations su-sd 

frequency distributions of height end 24-hour height change date; Ufa- 

tistic-al tablsss sad graphs pertaining to the frequency* intensity and 
:f 

1 
duration of raoognlsahlo synoptic patterns such &® blocking, long wawg, 

1 ;f a 

•*•-. 

etc; spatial distribution charts for several f^rmst of frequency t&bul&tions 

©I height data; sectional and hemispheric spatial &l&$ramg zmi t&Me@ 

of feonal wijsd gpeed data, and tables of classes and iinst&s derived Scorn 

th©Ks.   Simultaneous studies of the synoptic climatology of recognisable 

patterns ware undertaken at ABOWA and at the Aerophysics Research 
• 

Foundation, 

These climatic investigations provided much of the basis for the 

material contained in Volume n of this report. 

Climatic information on the distribution of SOG-ssife heists and 

34-hour changes for each grid point on a 5* latitude-longitude diamond 

grid for each half of all calendar months, as described in Progress 

Beporfc No. 1 - Phase H of this project, was summarised in tabular 

form.   An example of She tabulations for me first hala of January, for 

&MB period of available records, at 45*N, 183*W is shown In (31).   A 

total of S9 ®4& such tables were prepared.   The material they contain 

was utilised in several, steadies relating to this task.   Charts were con- 

structed of the jgp&ea distribution of the total rsmge of heights for each 

half month (averaged ov«r 7 year3), the space distribution of the range 
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of height valuer including s 8% of all observations, the geographic dis- 

tribution of frequency diagrams of height and 34"hour height change and 

the distribution of specific characteristics of these frequency distribu- 

tion..   These are not all reproduced in this report* as the Information 

they contain ha& not been fully processed and the inclusion of such a 

bulk of tabular material is unwarranted. 

For the studies of large scale circulation features, a sei of 

SOO-mb charts smoothed by means of time averaging over 5-day periods 

was constructed.   This wae accomplished by having the punched card 

machines add Hie heights at each grid point for five successive days, 

then drop the first and add a sixth day, etc.   The tabulations of the 

height sums were plotted and analyst at AROWA, resulting in a seven 

year sample of consecutive 5-day mean SOO-mb charts.   A sample of 
• 

sue! a chart is shown in Figure <32>. 

For the study of 500-mb height patterns related to extreme 

anomalies at selected geographic points, height sums at all grid points 

were listed for the 20 dates having the highest recorded heights and the 

20 dates having the lowest recorded heights at each of 16 selected grid 

points over the Eurasian continent.   This was accomplished by the tab- 

tilatlng machines.   The values were then plotted on charts and analysed. 

The resultant patterns are discussed in Volume HI. 
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Figure <32). Five-Day Mean 600-mb Chart for 25-29 December 1851 
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To obtain information on she relation of the zonal west wind e€>m~ 

ponent to large scale circulation anomalies, the heights at the grid points 

on each latitude belt were summed by octants and the hemisphere.   The 

differences between the sums for adjacent latitude bands in each octant 

and the hemisphere were obtained by the tabulating machines.   From 

these the zonal wind values were computed in meters per second for 

each latitude band in each octant and the hemisphere for individual days, 

three-day rolling means, and consecutive half monthly periods.   These 

$xe discussed in detail in Volume H* Chapter V, 

SarSy attention was devoted to a fitudy of the synoptic climatology 

of blocking patterns,   These were discussed in the first two progress 

rvp&rtm of Phase H of this task.   A further discussion is contained is 

Vo&time H, Chapter IV of feis report. 

The A&rophyslcs Research Foundation, as a part of their con- 

tract work on Ibis project developed a climatology of trapped lows, 

which ifl contained ir their report to Project AROWA.   Though it is not 

reproduced In full here, the results of the study have been incorporated 

in the blocking section of Volume fl, Chapter IV of this report. 
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